Express Mail No. EU53265Q933US 
Case Docket No. CHR 02-38 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent Application For 

Carbon-Containing Shaped Cylinders for Engine Air 
INDUCTION System Emission Reduction 

This application claims the benefit of U.S. Provisional Application No. 60/416,974 filed 
on October 8, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method for reducing emissions from automotive 
evaporative control systems using adsorbing canisters to remove volatile organic 
compounds, and other chemical agents from fluid streams. More particularly, this 
invention relates to using vapor-adsorbing materials in hydrocarbon fuel consuming 
engines. Most particularly, the invention relates to using vapor adsorbing material to 
remove volatile organic compounds from automotive air induction systems (AIS). 

2. Description of Related Art (Including Information Disclosed Under 37 CFR 
1.97 and 37 CFR1.98) 

Evaporation of gasoline from motor vehicle fiiel systems is a major potential 
source of hydrocarbon air pollution. The automotive industry is challenged to design 
engine components and systems to contain, as much as possible, the abnost one billion 
gallons of gasoline evaporated from fiiel systems each year in the United States alone. 
Stricter regulations governing automotive evaporative emissions are requiring 
automotive manufacturers to take steps to control hydrocarbon losses through the 
engine air induction systems (AIS). Sources for hydrocarbons include unbumt fuel 
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injected during the engine shutoff sequence, leaking fuel injectors, blow-by gases in the 
crankcase, and dissolved fuel in the engine oil among others. The mechanisms by 
which hydrocarbons escape into the environment include diffusion and natural 
convection from engine components through the airduct into the atmosphere and 
through leaks in engine and ductwork components. Automotive manufacturers are 
looking for low-cost solutions to auto emission control that will not significantly 
adversely affect engine performance. Although improvements are being made to 
decrease the magnitude of hydrocarbons made available to escape from the engine into 
the environment, it is likely a significant source will remain and will require control for 
some vehicles. 

The general philosophy for controUing engine evaporative emissions includes: 
(1) using an adsorbent such as activated carbon or zeolite to adsorb the hydrocarbons 
while the engine is tumed off, preventing the majority of the hydrocarbons from 
migrating past the adsorbent, and desorbing the hydrocarbons for burning in the engine 
while the engine is running by purging with engine air, and (2) using the geometry of 
the ductwork to reduce the rate by which hydrocarbons may migrate. 

Existing adsorbent technologies include: (1) activated carbon containing 
honeycombs, (2) zeohte containing honeycombs, (3) activated carbon containing 
pleated thin beds, and (4) activated carbon containing panels, among others. These 
technologies all perform well for effectively trapping and purging hydrocarbons, but all 
create additional, significant pressure drop in the AIS, causing the engine to work 
harder to achieve the same air throughput. The increased pressure drop leads to a 
decrease in engine horsepower due to the added workload required to move air through 
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the AIS. Honeycombs can add up to 4" water column (w.c.) or more of pressure drop 
under typical conditions. Panel types of filters could add 0.5" w.c. or more of pressure 
loss. The present invention discloses a means by which hydrocarbons may be 
effectively trapped and purged while creating significantly less pressure drop in the 
AIS. 

SUMMARY OF THE INVENTION 

The subject matter of the invention described and claimed herein is disclosed as 
a vapor -containing article for adding to the ductwork or AIS components (e.g., 
resonators, airbox, etc.), or the inside walls of the AIS ductwork, which element 
preferably is shaped to conform to the shape of said ductwork, with the material 
forming the walls of the article. The inside of the cylindrical component would remain 
open, allowing air to pass through the article unobstructed, with Uttle (1" w.c.) to no 
added pressure drop. The article is comprised of both an adsorbent material component 
and a support component. 

The adsorbent could also coat the inside of the ductwork or AIS components 
where the support component was the ductwork itself The adsorbing material could 
also be a partition running through the duct, designed also not to add significant 
pressure losses. 

BRIEF DESCRIPTION OF THE DRA WING(S) 
Figure la is a perspective view of an embodiment of the invention article. 
Figure lb is a perspective view of an embodiment of the invention article. 
Figure Ic is a perspective view of an embodiment of the invention article. 
Figure Id is a perspective view of an embodiment of the invention article. 
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Figure 2 shows the design of the testing fixture used to quantify emissions for 
the invention vapor -containing hollow emission control elements. 

Figure 3 is a graphical representation of the correlation of the diameter to length 
ratio of the invention element and its performance in emission control. 

Figure 4 shows the design of the testing fixture used to quantify emissions for 
the invention vapor adsorbent rigid hollow cylinder and pUable adsorbent sheet 
material. 

Figure 5 is a graphical representation of predicted emissions for 2.25" I.D. x 5" 
L rigid and pliable sheet adsorbent cylinders produced using the testing device of Figure 
4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
The benefits of the invention arise from an understanding of the general inside 
diameter to length requirements necessary to effectively control dififusional and 
convective evaporative emissions in a low pressure drop configuration. Benefits also 
are derived from the invention design strategies to increase or decrease purge rates by 
allowing air to pass on one or both sides of the shaped article, as well as by controlling 
bed thickness of the adsorbing material. 

The invention element can take a variety of forms, depending upon the nature of 
the application and the capacity or efficiency required of the element. In one preferred 
embodiment, the element may be an open cylinder (Figure la) that may be extruded or 
formed (e.g., activated carbon or zeolite and ceramic, and activated carbon or zeoUte 
and plastic). 
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In another preferred embodiment, the element may be an open cylinder formed 
by a carbon containing sheet (carbon containing cloth or paper) wrapped into a cylinder 
and possibly supported on or both ends by plastic, rubber, metal, or foam supports 
(Figure lb). 

In an additional preferred embodiment, the element may consist of a pleated, 
open cylinder possibly supported on one or both ends by plastic, rubber, metal, or foam 
supports (Figure Ic). The pleated material would be made of a carbon-containing cloth 
or paper. If the pleated cylinder contains end supports, passages in which air may pass 
by the outside sxurface of the cylinder may be included to increase the ability of the to 
purge. 

Also, in another preferred embodiment, the element may be corrugated and 
flexible to allow it to conform to a flexible or non-straight (including angular or curved) 
piece of ductwork (Figure Id). A screen, grid, or ribbing may be added to the inside 
surface to provide for light, localized turbulence along the surface during purging to aid 
in purge performance. Possibihties for coating ductwork or AIS components include 
attaching carbon directly to the inside of the ductwork or lining with a carbon 
containing cloth or paper. In any of the aforesaid embodiments that may include cloth 
or paper, it is appreciated that a paper may include natural fibers and synthetic fibers, 
including but not limited to polypropylene, nylon, and polyethylene. The -containing 
element may be comprised of fi'om 5-95% (preferably 10-90%) and fi*om 95-5% 
(preferably 90-10%) of the support material. 

The efficiency of this novel system for adsorbing hydrocarbons depends upon 
the inside diameter to length ratio of the element or coating, which in turn may relate to 
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the relative ratios of adsorbent material to support material, or total mass of adsorbent 
material to total mass of support material. Testing has been performed to develop 
preliminary relationships. The adsorption efficiency of the tested invention device is 
related to the rate of mass transfer from the gas/vapor phase to the surface of the carbon. 
The invention element must be of suitable length (for a specified diameter) to adsorb the 
target quantity of hydrocarbons. 

Example 1 

Several three-inch outside diameter carbon and ceramic open cylinders were 
manufactured with three different inside diameters: (1) 2.5 inch, (2) 2 inch, and (3) 1 
inch, each with lengths both of one-inch and two-inch. The cylinders were each sealed 
in a closed cylinder (see Figure 2), such that a load of 300 mg/d of gasoline was 
permitted on one side/end of the cylinder, and the emissions were measured on the 
opposite side/end of the carbon cylinder. Carbon cylinder evaluation data was gathered 
by tracking emissions for three days. The data is shown in Table I. 
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A correlation between day 3 emissions and the inside diameter to length ratio of 
the cylinder was made and is shown in Figure 3. As the diameter to length ratio 
decreases, the amount of hydrocarbons diffusing through the element decreases. 

Example 2 

A carbon paper cylinder (paper basis weight of 270 lbs fiber/3000 ft^ and 135 
lbs activated carbon/3000 ft^ with polypropylene and latex as binder) and a rigid carbon 
cylinder (80% carbon) were prepared (to form cylinders with 2.25" I.D. and 5" in 
length) and tested for performance. Each cylinder was exposed repeatedly (three 
cycles) to gasoline at 45 mg/min loading to 30 mg breakthrough and purged at 300 scfin 
for 30 minutes in a preconditioning step, then placed in the test fixture represented by 
Figure 2. The test fixture was placed in an environmental chamber that underwent 24- 
hour temperature cycling of 65''F to 105°F to 65°F. A 1.5 gram gasoline injection was 
administered for each, and the emissions were monitored for three days. The results of 
this comparison between cylinder types is shown in Table II. 



Table n 

Emission 

Sample taken (mg) Blank Hollow Cylinder Paper Cylinder 

Dayl 123 20 25 

Day 2 93.3 34 29 

Day 3 66 36 20 
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The data of Table II is graphically represented in the bar graphs of Figure 5. 
Both hollow and paper cylinders showed significant emission reduction 
capability. 

While the invention has been described above with reference to specific 
embodiments thereof, it will be apparent to skilled persons that minor changes, 
modifications, and variations may be made to the details of the invention described 
herein without departing firom the underlying principles of the inventive concept 
disclosed, including various obvious substitutions, such as substitute pH-modifying 
acids and/or bases. Nevertheless, the subject matter of the invention is within the 
bounds of the following claims. 
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